Using PCR in the direct diagnosis of bee virus infections has been shown to be an appropriate tool to overcome the difficulties of diagnosing bee virus infections. The occurrence of Israel acute paralysis virus (IAPV) and Kashmir bee virus (KBV) was investigated in honeybee colonies collected from ten different regions throughout Jordan by employing reverse transcription-PCR. The colonies were suffering from symptoms of depopulation, sudden collapse, paralysis, or dark coloring. The two viruses were identified in some of the collected samples: IAPV virus was present in 13% of samples, while KBV was present in 12%. The distribution of IAPV and KBV varied in the different geographic regions of investigation. The RT-PCR product for IAPV was 470-473 nucleotides, and for KBV was 408-409 nucleotides. Sequence analysis indicated that IAPV is most homologous to KBV.
INTRODUCTION
The native honeybee of Jordan (Apis mellifera syriaca) is dominant in the eastern Mediterranean region (Jordan, Palestine, Israel, Syria, and Lebanon) . This honeybee is characterized by a bright yellow color, small size, and construction of several swarm cells. About 500,000 honeybee colonies and 1,000 beekeepers exist in Jordan and the annual honey production reaches about 400 tons (Agricultural Statistical Year Report, 2007) . Honeybees play a vital role in agriculture by assisting in the pollination of a wide variety of crops; however, the health and vigor of honeybee colonies are threatened by numerous parasites and pathogens, including viruses, bacteria, protozoa, and mites.
The scientific interest in viral diseases of the honeybee (Apis mellifera L.) has been increasing considerably during the past few years. Viral diseases have become increasingly important to honeybee keepers and to all related agricultural industries. Although usually not associated with clinical symptoms, viruses in certain cases may cause serious or even lethal disease in individual bees or the collapse of entire colonies (Berényi et al., 2006) . At least 18 different viruses have been detected in honeybees so far (Allen and Ball, 1996) , and the complete genome sequences of some honeybee viruses, namely Acute bee paralysis virus (ABPV) , Black queen cell virus (BQCV) , and Sacbrood virus (SBV) (Ghosh et al., 1999) have been determined. Many viruses are known to infect honeybees, include Deformed wing virus (DWV), Kashmir bee virus (KBV), BQCV, chronic bee paralysis virus (CBV) and Israeli acute paralysis virus (IAPV) (Buchen-Osmond, 2003; Chen and Siede, 2007) . These viruses are distributed worldwide, and together with pollution and the use of insecticides, result in high honeybee mortality rates or the collapse of entire colonies (Morse and Calderone, 2000; Spira, 2001 ).
IAPV was first described in Israel in 2004 (Maori et al., 2007) ; the infected bees presented with shivering wings, progressed to paralysis and then died outside the hive. IAPV has features comparable to members of the Dicistroviridae of the super family Picornaviridae. A link was found between IAPV and colony collapse disorder (CCD) colonies. Additional stress factors may also be needed to activate IAPV; however, no cause and effect between IAPV and CCD has been demonstrated (Cox-Foster et al., 2007) .
KBV is a natural disease of the eastern honeybee (Apis cerana). After the introduction of the western honeybee (Apis mellifera) into the distribution range of A. cerana in southern Asia, the virus made a "species jump" and began to parasitize its new host. KBV affects brood and adult bees. Adult bees usually die within a few days after infection, but larvae may survive following ingestion of the virus, and some become infected adults without symptoms. KBV is an RNA-virus in the newly established family Dicistroviridae (http://www.agf. gov.bc.ca/apiculture/factsheets/230_kashmir.htm).
Various techniques are available to test the presence of viral diseases in honeybees, including gel immunodiffusion or ELISA-based assays using polyclonal antibodies (Anderson, 1984; Todd and Ball, 2003) . Currently available methods are suitable for heavily infected samples or small numbers of samples, but cannot easily be applied for use in large-scale surveys, or to detect low levels of virus, such as might be found in asymptomatic infections. In addition, sensitive and specific serological methods for the detection of honeybee viruses are difficult to develop, as many preparations of honeybee viruses are mixtures of one or more viruses and it is therefore difficult to produce truly specific antisera for each bee virus (Bailey and Ball., 1981; Anderson, 1984; Stoltz et al., 1995; Evans and Hung, 2000) .
Due to difficulties with the classical diagnostic methods in bee virology, scientific interest has turned towards molecular techniques (Berényi et al., 2006) . Since complete or at least partial genome sequence information for some viruses is available in gene bank databases, diagnostic methods based on reverse-transcription PCR (RT-PCR) have been developed for the detection of viral RNA in honeybee samples (Benjeddou et al., 2001; Grabensteiner et al., 2001; Bakonyi et al., 2002; Ribière et al., 2002; Tentcheva et al., 2004) . The RT-PCR technique has an advantage over other methods in detecting honeybee viruses by making a genetic comparison and classifying different virus strains, which can be rapidly carried out by sequencing the PCR products (Grabensteiner et al., 2001) .
The aim of this study was to detect the occurrence and frequency of the two most important and closely related honeybee viruses (IAPV and KBV) in honeybee colonies in different regions of Jordan using RT-PCR assays for the sensitive direct detection of IAPV and KBV in honeybees and their brood.
MATERIALS AND METHODS

Samples collection. One hundred samples of a hybrid Apis mellifera Syriaca with Apis mellifera
Ligustica and Apis mellifera Carnica were collected from 45 colonies of ten different regions throughout Jordan (Fig. 1) . The collected samples represented infected (43 samples), and apparently healthy (57 samples) honeybee workers in different developmental stages (larvae and adults). Each sample consisted of 15-20 bee workers or larvae from each colony. The samples were kept in separate test tubes and stored at Ϫ80°C until investigation.
Isolation of RNA. The frozen samples were homogenized in liquid nitrogen, and the RNA was then extracted by employing an EZ10 spin column total RNA Minipreps Super Kit (Bio Basic Inc.) according to the manufacturer's instructions.
RT-PCR. The extracted RNA was used in RT-PCR tests. For each IAPV and KBV test, ten samples from each of the ten different regions were used in addition to the negative control. Amplification was carried out in a total volume of 25 µl, where 1 µl template RNA was added to 24 µl of the master mix containing: 5 units reverse transcriptase, 0.2 mM dNTPs, 1 mM MgSO 4 , 5 µl of 5X RT-PCR buffer, 5 units Tfi polymerase, 1.0 µ l of 10 µ M of each forward and reverse primer (Table 1) , and doubled distilled water to the final volume.
Reverse transcription and amplification were conducted with a continuous RT-PCR method using the following program: RT for 45 min at 46°C followed by one cycle of 2 min at 94°C, followed by 40 cycles of 30 s at 94°C, 30 s at 56°C, and 45 s at 72°C, followed by 5 min at 72°C for final extension. The reactions samples were detected by agarose gel electrophoresis using 10 µ l of the PCR products, staining by ethidium bromide, and photographing under UV light.
Nucleotide sequencing. The specificity of the RT-PCR assay was confirmed by sequence analysis. Samples from PCR products were sent to Macrogen (Seoul, South Korea) for sequencing. The sequence data of each virus fragment were analyzed using DNAMAN™ software (version 5.2.9; Iynnon Biosoft, Quebec, Canada) and the BLAST service provided by the National Center for Biotechnology Information (NCBI) (http://www. ncbi.nlm.nih.gov/BLAST/).
The amplicons were sequenced without subcloning, and the sequences were compared with the complete genome sequence of both IAPV and KBV, which are available from the gene bank, to confirm the presence of these viruses in Jordan.
RESULTS
A total of 100 honeybee samples originating from ten different regions throughout Jordan were screened by RT-PCR for the presence of two important honeybee viruses, IAPV and KBV. RT-PCR using two specific primers resulted in the amplification of IAPV and KBV fragments from tested samples. Representative results of RT-PCR analysis are shown in Fig. 2 .
IAPV was found in 13% of samples and detected in six of ten regions. KBV exhibited a prevalence of 12% and was present in samples from five regions (Table 2) . IAPV was detected in Irbid, Ajloun, Jarash, Amman, Humrat Al-Sahen, and AlGhour, whereas KBV was found in all of the above regions, except Al Ghour. It was noticed that IAPV was highly distributed in Irbid and Ajloun at rates of 40% and 30%, respectively, followed by Jarash (20%) and Humrat Al-Sahen (20%), whereas the lowest percentage was found in Amman (10%) and Al-Ghour (10%). KBV was common in Irbid, Ajloun and Jarash with 30% for each, while the lowest percentage was found in Humrat Al-Sahen and Amman, 10% for each. No IAPV or KBV infection was detected in Al-Karak, Al-Tafela, AlMafraq and Al-Salt. It was also noticed that a high percentage of both viral diseases was found in adults when compared with brood at rates of 25% and 20%, respectively.
In this investigation, we noticed the presence of varroa mites and viruses in the same colonies. The honeybee samples investigated in this study were collected from problematic colonies suffering from unspecific symptoms, such as weakness, depopulation, or sudden collapse of the colony. Samples from asymptomatic colonies contained two times more IAPV and KBV than bees from diseased Stoltz et al., 1995. colonies.
Four random samples of the PCR product for each pair of primers were sequenced. Sequence analysis showed that sequences of selected RT-PCR fragments representing IAPV and KBV viruses matched the corresponding virus sequences published by GenBank, indicating that amplification bands in this study were virus specific. The fragments amplified with the IAPVF-IAPVR primer pair were sequenced and 470 to 473 base pair sequences were identified. The differences in nu- cleotides among the four fragments ranged from 3.2 to 5.3%, and the four sequences were aligned to the GenBank database with identity range of 96-97% (Fig. 3) . The sequence was deposited in the GenBank database under accession number FJ225112-FJ225115 (http: //www.ncbi.nlm.nih. gov/Genbank/index.html). Fragments amplified with the KBV1-KBV2 primer pair were sequenced and 408-409 base pair sequences were identified. The differences in nucleotides among the four fragments ranged from 2.9 to 5.4%, and the four sequences were aligned to the GenBank database with identity ranged from 93-97% (Fig. 4) . The sequence was deposited in the GenBank database under accession number FJ225116-FJ225119 (http: //www.ncbi.nlm.nih.gov/Genbank/index. html).
DISCUSSION
In the present study, which is the first to detect IAPV and KBV in Jordan, in addition to using RT-PCR assays as the sensitive direct detection of honeybee viruses and their brood, we tried to provide data for the presence and prevalence of two honeybee viruses in bee samples collected from ten regions of randomly selected Jordan apiaries.
The diagnosis of viral infections in the honeybee is rather complicated compared to other fields of veterinary virology. The lack of characteristic clinical symptoms and pathological alterations makes the recognition of most diseases difficult; therefore, the RT-PCR method amplified unique regions of the viral nucleic acid present in samples seems to be very promising in the diagnosis of bee virus infections (Blanchard et al., 2008; Sanpa and Chantawannakul, 2009 ). The RT-PCR assay used in this study could become a standard method in the health certification of honeybee (and honeybee products) imports and exports, and in the screening of virus preparations used in research. The technique is reliable, specific, and sensitive.
The polymerase chain reaction following reverse transcription (RT-PCR) has been successfully applied for the diagnosis of IAPV and KBV in different regions of Jordan. This technique has been used by other researchers to detect different honeybee viruses, such as SBV (Grabensteiner et al., 2001) , and BQCV and ABPV (Benjeddou et al., 2001) . In mountainous areas (Irbid, Ajloun, Jarash, and Amman) of Jordan, the density of bee colonies is higher than in the plains (Al-Mafraq, Al-Ghour, Al-Karak, Al-Tafela); since high ridges separate these two geographical areas, the direct spread of viruses by flying bees is not so effective.
Besides the depopulation and collapse of varroainfested colonies, the direct effect of virus infections could be the most important factor for these collapses.
Several studies have established that bee viruses are widespread and often cause imperceptible, multiple infections (Ball and Allen 1988; Ribière et al., 2000; Bakonyi et al., 2002; Gauthier et al., 2004) in seemingly healthy bee colonies. In this study, we found that adult bees contained more virus infection than the brood. IAPV and KBV viruses have been shown to be transmitted through contaminated food, such as brood food, honey, pollen and royal jelly; an alternative route of infection is through larval contact with nurse bees (Lanzi et al., 2006) . Also, virus is transmitted from queens to eggs; in fact, virus has been detected in the ovaries of queens (Chen et al., 2006) .
The specificity of the RT-PCR assay was confirmed by sequence analysis. The sequence data of each virus fragment were analyzed using the BLAST server at the National Center for Biotechnology Information, NIH. Although some differences were observed among the nucleotide composition of the four sequenced fragments for each virus, IAPV and KBV aligned perfectly with the corresponding virus sequences published by GenBank. Polymorphisms could be due to mutations or environmental factors that did not change the identity of both viruses. The marked differences in the nucleotide sequence in the region located between 415-453 bp for IAPV and 359-396 bp for KBV could indicate that these regions are not essential for the function of both viruses.
Since IAPV and KBV share a high level of genetic similarity, it is supposed that the two viruses originate from a common ancestor and evolved independently in secluded geographic regions (de Miranda et al., 2004) . Sequencing analysis similarities between IAPV and KBV are supported by the results of phylogenetic analysis of various parts of the IAPV genome, which indicated that IAPV clusters together with KBV and ABPV (Maori et al., 2007; Blanchard et al., 2008; Palacios et al., 2008) .
To summarize, we investigated the occurrence of two important honeybee viruses in bee colonies, and identified differences in the distribution pattern of the viruses in different geographic regions of Jordan. The emergence of these viruses in certain areas of Jordan is most probably due to introduction to the region by importation from overseas; however, the trade and exchange of infected bees, contaminated equipment, and bee products between apiaries, regions, or even countries may be of greater importance in the spread of viruses; Fig. 4 . Nucleotide sequence alignment of four diagnostic PCR products for KBV deposited in the GenBank database under accession numbers FJ225116, FJ225117, FJ225118, and FJ225119 for KBV1, KBV2, KBV3, and KBV4, respectively. therefore, virological and parasitological investigations should be considered by beekeepers before they purchase and import possibly infected bees and bee products. The RT-PCR techniques described in this paper proved to be appropriate methods for this type of investigation. It is also important to develop a multiplex PCR system in which multiple viruses can be identified simultaneously using a single reaction.
